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NONMETALLIC FUEL SYSTEM TUBING WITH 
ONE OR MORE LAYERS— SAE J22B0 NOV1996 



SAE Standard 



Report of the SAE Fuel Lines and Fittings Standards Cominittee approved November 1996. 4 

"l. Scope— This SAE ^Standard" covers .tbe^nimum requirements for multi- 
layer, norwietallic tubing^ as manufactured ^ as,^a"Hquid-carrying or vapor-carrying 
component ror use hi gasoline, alcohol blends i with gasoline, ^ordiesel fuel sys- 
tems^ Moridwall tubing (one layer construction) is ^ 

The coristructioh has one or more layers of polymer-based compounds in the wall, 
pi^arily for the purpose of improvement in permeation resistance to hydrocar- 
bons found in various "fuels'. The construction can have a straight- wall configura- 
tion or can have a wall that is partially convoluted or corrugated. It may have an 
irmenhostTayer with improved electrical conductivity for use where such a char- 
acteristic is desired; also, the improved electrical conductivity can apply to the 
entire wall construction, rf the tubing is 'a monowall. This document is intended 
to cover tubing for any portion of a fuel system which bperates r above -40 °C, and 
below, 115 °C„ and up to t a maximum'workirig gage pressure .of 690 iPa. The peak 
intermittent* temperature is 115 °C. For long-term continuous usage, the tempera- 
ture shall not exceed 90 °C. . , ,, 

In some cases,, \ distinction is made in the criteria that apply to tubing used to 
carry' liquid "fue£ compared to tubing used to carry fuel vapor. The term "fuel 
vapor" can also apply to evaporative emissions and refers to a condition where the 
fuei ; content Is in vapor form (very low concentration) arid operates at a working 
gage^pressuretiiat'dbes not exceed 17 kPa. The fuel vapor, or evaporative emis- 
sions, ma^contam small, quantities of liquidfuel, which are present primarily as a 
result of vapor condensation. 
t Z References 

2.1 Applicable Publications — -The following publications form a part of 
tfrjs specification to the extent specified herein. tJnless otherwise indicated, the 
latest' issue of §^publicafeoris shall apply. 

2.1.1 SXEHfl&tCATiONS^^ 400 Commonwealth Drive, 
Warrendale,^ 15096-0001; ' Ji ' ! ' ' "" '' '^' 

SAE J1645 — Information Report Covering Electrostatic Charge in Fuel Sys- 
tems (FEB94 and latest) , . ' ' 

SAE J1681 — Gasoline/Methanqi Mixtures for Material .Testing 
^ SAE11737 ^ (DRAFT) — ^Recommended Practice for ^ieasurement of Perme- 
ation Resistance by the Recirculation Technique r 

SAE J1960 — Accelerated Exposure of Automotive Exterior Materials Using a 
Controlled. Irradiarice Water-Cooled Xenon- Arc. Apparatus 

SAE J2Q27— Standard for Protective Covers for Gasoline Fuel Lines 

SAE 32044— -SAE Quick Connector Specifications for Liquid Fuel Systems 

S AE J2'64$^Tube/ff6se Assemblies 

2.1.2 ISO Publications— Available from ANSI, 11 West 42nd Street, New 
York, NY 10036-8002. 

ISO 527 — Plastics — Determination of tensile properties 
ISO 4639-3 — Rubber tubing and hoses for fuel circuits for internal combustion 
engines specification — Part 3: Oxidized fuels 

2.2 Related Publications — The following publications are for information 
purposes only and are not a required part of this document. 

2.2.1 SAE Publications — Available from SAE, 400 Commonwealth Drive, 
Warrendale, PA 15096-0001. 

SAE J30— Fuel and Oil Hoses 

SAE J2043— Standard for Nonmetallic Fuel System Tubing 

2.2.2 ASTM PUBLICATIONS— Available from ASTM, 100 Barr Harbor Drive, 
West Conshohocken, PA 19428-2959. 

ASTM D 412— Test Methods for Rubber Properties in Tension 
ASTM D 4000 — Classification System for Specifying Plastic Materials 
ASTM D 4066 — Specification for Nylon Injection and Extrusion Materials 
3. Installation, Assembly, and Handling Recommendation 

3.1 End Fittings — End fittings are to be assembled to the tubing with a 
procedure which does not permit mechanical damage to the tubing that results in 
decreased performance. Requirements of such end fittings are covered in SAE 
J2044 documentation. Assemblies manufactured with such end fittings must 
meet all of the requirements of the SAE J2045 specification. 

3.2 Support and Routing — When installed in a vehicle this tubing shall be 
routed and supported so as to: 

a. Prevent chafing, abrasion, kinking, or other mechanical damage. 

b. Be protected against road hazards by installation in a protected location 
or by providing adequate shielding in vulnerable areas. 



c. Be protected fromheat by proper clearance or the addition of insulation 
and/or heat shielding (refer to SAE J2027), for use in applications where 
temperatures may briefly exceed the upperlimits of 115 °C. 
3.3 Handling — Tubing ends should be protected during handling and stor- 
age to prevent internal contamination. \; 

4. Construction — Tubing shall consist of an extrusion of one or more layers 
within ? the body of the wall. The dimensions arid tolerances of the one or various 
layers shall be expressed in millimeters, and the general material name_should be 
called out! on the drawing. In those specific cases where material 1 specifications 
exist for a given tubing construction, they shall be identified for the entire' wall or 
for each individual layer. • - , ■ - . r - _ ' i s 

4.1 Materials — The materials used in the construction of the tubing have 
different requirements depending on their location within the wall. The various 
materials used may also use plasticizers, colorants, impact modifiers, and other 
additives to' enhance performance provided the tubing produced complies to the 
requirements of this standard. :■■■.■■■■ 

If monOWail "tubing is used, then the material used must meet al^ exposure i ; 
criteria described in this document. ' '■'" i ^- 

'4.1.1 OXjter Layer — Materials used' in the outer layer mustconlorm to th£ 
exposure test described in 7.5. There :i riiay be additional environments to- which 
the tubing construction will be exposed; the end user should be consulted'for what 
additional reqmrements may be appropriate. Referto'4.3 forcorronerits'ori colbh 

4.1.2 Inner Layer — Materials used in the inner layer must conform to the 
fuel exposure fests described in 7.7*and7.'8i There may be other fuels to which 
the uibing construction will be exposed. The end user should be consulted for 
what additional requirements there may be. '"'; " 

The materials used in the irinerlayer 'should' also be able'to withstand^ contact !i; 
With road chemicals. This is the case because the inrierlayer of me tubiiig cari be > 
exposed to such an environment at the "ends" that are attachedto me various cOn- t . 
rie'ction points in a fuel system. It is forthis rSasort that the' ends' of the tubing are 
also exposed to' the cheinical resistance testiri7.5. '■.-■' ,■'-.; ^ 

4.2 Regrind — 5rnaUamountsbfregrindmaybeusediri r lhem 

tubing. Tubing containing the 'selected percentage of regrind that will be used in ,; 
production must rheet all the perforrriance criteria in this document. 

4.2.1 Use OF I^GRIND OIF A Specific RESIN--Use Of ^regrmd' material blended 
with virgin resin in a specific layer of the MLT (or in the- wall of the r m6rio'wall 
tubing^is permissible only when -the' manufacturer has identified'^ specific per- jj 
centage of the'regrind that- will be usedi In this case] that regrind cah ! beused to \ 
blend with the virgin resin of ; th'e same type' only in the' -specific layer wherethat 
material is used (or tubing wall, in the case of monowall tubing). Such regrind 
being blended shall contain no contaminants of any other material. 

All performance criteria in this document must be met by conducting all tests 
on tubing that contains the specific regrind percentage in the particular designated 
layer. Once the performance of a multilayer tubing containing regrind material 
blended in a specific layer has been validated, acceptance of such tubing applies 
only to the specific resin in the specific layer and only to that manufacturer 
involved. Any regrind percentage up to or equal to the level approved can be 
used. 

If regrind is used in the portions of the tube that is outermost or innermost, there 
could be a deleterious effect that could result in the tubing's ability to perform in 
the external environment (i.e., heat-aging) or in fuel exposure in the very long 
term. Testing in this specification includes exposure tests only up to 1000 h, 
involves only certain fuels, and is conducted at only mildly aggressive tempera- 
tures (40 °C). The end user should be consulted for guidance on how tests for the 
presence of regrind in the innermost or outermost portions of the tubing should be 
conducted. Longer term exposures or more aggressive test parameters than those 
indicated in the specification may be advisable to confirm there is no negative 
effect. 

It is recommended that no more than 10% regrind is blended in the innermost or 
outermost layer; that percentage also applies to monowall tubing. If regrind is 
blended in other layers, it is recommended that no more than 20% regrind is used. 

4.2.2 Use of Regrind Resin or MLT in A separate Layer — It's possible 
to use regrind of resin or regrind of completed multilayer tubing (MLT) as an 
additional and separate layer in the construction of an MLT; to do so, the follow- 
ing criteria must be met: 
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- a. It is used only in a separate layer that is in addition to the ; number of layers 
in the construction of the MLT being produced. - .'" ^ :"■•: 

b. The regrind layer should not be the innermost or outermost layer of the tub 1 
ing construction. ..:.:■ ,; ' ■* : 

c. It is recommended to use a maximum thickness of 10% (of the total tubing 
wall thickness) for the regrind layer. 

For a construction that contains an additional and separate layer of regrind resin 
or regrind MLT, all performance criteria of this specification must be met. The 
testing done shall be on tubing that contains the specific type of regrind layer in 
the specific, identified position within the wall Once the performance of such an 
MLT has been validated, acceptance of such a construction applies only to that 
layer configuration and only to the specific manufacturer involved. Any layer 
thickness of that regrind layer up to (or equal) to the specific thickness approved 
can be utilized. 

4.3 Color — The normal color of the outside layer of tubing covered under 
this document is black, although alternative colors are permissible. Fuel system 
tubing shall be labeled in a contrasting color with the legend repeated every 
500 mm or less along the entire length of tubing in legible block capital letters. 

The color of the outside layer of the MLT constructions covered by this doc- 
ument is usually black. They can be another color, chosen for purposes of color- 
coding for routing through the vehicles. For whatever color is chosen, the follow- 
ing criteria must be met: 

a. The tubing color and the label color chosen must be such that there is 
sufficient contrast with the color of the printing to achieve easy readibil- 

b. Material used in outside layer may be extensively exposed to sunlight 
during storage or use. The material should be U.V. stabilized to with- 
stand such expected exposure (either with an additive or by the inherent 
characteristics of the material). Requirements necessary to adequately 
resist sunlight exposure will depend strongly on the application. The 
end user must be consulted for specific standards to be met. As a general 
guideline, also refer to SAE 11960. 

4.4 Identification — The following minimum information, in the order 
listed, is required. Additional information and/or another lay line may be added: 
SAEJ2260-D-T-R 

a. "D" refers to the reference size or nominal tubing diameter (OD) in mm 
from Tables Al or A2A located in the Appendix. 

b. "T" refers to the type of tube. . - ■ 

1. Type NF— This is an MLT construction that is "non-conductive" by 
7.9 and passes all requirements of this specification for carrying liq- 
uid fuel. 
; 2. Type CF — This is an MLT construction that is "conductive" by 7.9 
and passes all requirements of this specification for carrying liquid 
fuel. 

3. Type NV — This is an MLT construction that is "non-conductive" by 
- '- - ■ 7.9 and passes all requirements of this specification for carrying fuel 

vapor. 

4. Type CV — This is an MLT construction that is "conductive" by 7.9 
and passes all requirements of this specification for carrying fuel 
vapor. 

c. "P" refers to the permeation category (for the 4 types of tubing indicated 
previously) as determined by the procedures described in 7.10. It shall 
be a single digit that is identified from 7.10.2. 

d. If it is not practical to print on the outside of the tubing (convoluted tub- 
ing or tubing with an outside surface that is not smooth, for example), 
then the labeling will be done by a tag or loop of tape permanently 

.attached to the outside circumference of the tubing. Such labeling must 
be repeated every 500 mm or less along the entire length.' 
For convoluted or corrugated tubing, the necessary printing can.be done 
by the labeling or tagging procedure that is described. An acceptable 
alternative is to print the necessary wording only on each straight end 
section. 
5. Dimensions — Tubing of various sizes and routed with certain bend radii are 
described in this specification. The end user should be consulted for specific 
requirements. What is detailed in this specification are recommended dimen- 
sions* tolerances, etc., based on common practices within the automotive industry 
and by participants in the fuel system business. 
5.1 Tubing Sizes and Dimensions 
5.1.1 Diameters — For liquid fuel lines, the typical nominal OD's of the tubing 
used are in the range up to 10 mm. Lines that are over 10 mm nominal OD are 
typically used for fuel vapor. The end user should be consulted for specific 
requirements. The details on diameters are found in Tables Al, A2A and A2B. 



■■■ 5. 1.2 .WALL THICKNESS— Wall thicknesses ; vary for different tubing sizes and 
for the various classes of materials that are used in the construction of the tubing. 
Typical wall thicknesses for straight wall tubing are 1 mm ±0.1 mm fornominal 
OD sizes up to 10 rnm; the wall is thicker for larger OD sizes. 
■' There are numerous f actors that can have an influence on the wall thickness that 
isselected: ', " < . . .,■. 

a. Higherrequired burst pressure could'mean a mickerWaU is required 

b. As walls become thicker, the minimum bend radius increases - 

c. For MLT constructions with elastomeric covers, the critical dimension is the 
: / HX The wall thickness is determined by the materials utilized and the 

requirements of the application 
- d." Tubing wall thickness may differ for convoluted/corrugated wall (refer to 

Section 6) "' " : - ■::'- 

■ The result of all these factors is that the end- user must'be consulted to deter- 
mine all requirements. The wall thickness is then determined by those require- 
ments and the materials selected for the various layers of the multilayer tubing or 
for the monowall tubing^ - 

Details on the suggested wall thicknesses are found in Tables Al, A2A, and 
A2B. - ■' -v. , ■:>■■ ■-■- : ■ :■■.- c: v. <■:-■■* 

5.1.3 Dimensional Tolerances — Recommended tolerances of the various 
dimensions suggested for the tubing ^described in this document are found in 
Tables Al, A2A, and A2B. Actual tolerances used are determined by manufac- 
turing capability and the requirements of the' end user. 

5.2 Minimum Bend Radius — When a tubing is routed^s part of a vehicle 
system, there are occasional "free-state" bends that occur. Care must be taken to 
ensure that such bends do not occur at radii that are so tight that the inside dimen L 
sions of the tubing distort excessively. The end user should be consulted to deter- 
mine the- actual minimum bend radius that the tubing will encounter in a specific 
application. That detail should then be compared to the bend radius details 
described in 7.3. 1 . If the actual minimum bend radius is smaller than indicated by 
the appropriate table in 7.3.1, then the procedure of 7.3.2 should be followed to 
verify if the actual minimum bend of the application imposes a problem. 

For the purposes of the performance measurements described in 7.3.3, the 
smaller of the two possible bend radii should be used (smaller of the appropriate 
calculation- of Table 1/Table 2 or the required bend radius of actual application). 

6. Convoluted or Corrugated Tubing — Tubing that has an OD over 10 mm 
may not be flexible enough for some applications. One way to resolve this con- 
cern is to use multilayer tubing with a wall that has a convoluted or corrugated 
configuration for all or portions of its length. There are certain criteria that must 
be met if such tubing is used; they are listed as follows: 

a. The normal size of this tubing shall be the same as : straight-wall tubing 
whose inside-diameter dimensions are the same as the effective inside diam- 

: eter of the corrugated/convoluted tubing (eig., a 12 mm convoluted tubing 
has an effective inside diameter of 9mm (see Table Al)). 

b. For the parts of the tubing that are not convoluted or corrugated, the size and 
dimensions that are used will be the same as described in 5.1. 

c. At each end of the convoluted or corrugated tubing, there will be a straight 
section (sometimes called a cuff) that is a minimum of 30 mm in length. 
This section is the part of the tubing used to join the .tubing to connectors, 
nipples, and other attachment elements. The dimensions of this cuff will 
correspond to those identified on Tables Al, A2A, and A2B. 

d. Wall thickness of the convoluted/corrugated portions of the tubing may dif- 
fer from those indicated in Table Al. This is due to the manufacturing pro- 
cess. Wall thickness deviations should be identified, and discussed with the 
end user. Performance test results will be used to gain agreement from the 
end user that such "routinely occurring" variations in wall thickness are 
acceptable." 

e. Tubing with a convoluted or corrugated wall configuration is typically used 
in vapor or evaporative emissions applications. - It is possible that such con- 
voluted or corrugated tubing can be used in liquid fuel applications. Any 
tubing used in liquid fuel applications must meet the requirements called for 
in 7.9." In addition; the end user must be consulted and the final application 
must be carefully tested to determine that no unacceptable electrostatic 
charge situation develops (refer to SAE J1645). 

7. Performance Requirements— -All tests described in this standard are to be 
performed on the completed product (tubing). It must meet all applicable criteria 
described in this specification. Differences in performance criteria between liquid 
fuel and fuel vapor applications are indicated in the procedure or acceptance crite-' 
ria of each section. If no distinction is made, both liquid and vapor fuel lines must 
meet the entire requirement as written. - " c r -s;. 

The tubing shall meet the following performance tests with a ±3 S capability. ; 
Tubing shall be conformance tested no sooner than 24 h after production. 
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AIL test temperatures speeifiedmay vary by ±2 °C, unless, otherwise specified. 
All -times are mmimu^ ; - 

7.1 Room Temperature BurstTest :' .r.^^% .-Mj -.. . , 

7.1.1 Initial Burst :Tbsx?measur^^ rl/2 
to 3 h at 23 °G #nd tested, by4nereasing pressure pf a fluid insider mejtubingi at a 
rate of 7 MPa/min ± 1 MPa/min. Continue at that rate until tubing bursts.^ Any 
type of fitting, can.be used during this burst test ff^e;eQ|uie.qtorsblQW;OUtof the 
tubing before the required; levei of burst pressure is reached, the data from that 
particular sample should be discarded. Additional clamps oyer the existing con- 
nectors oi: fittings may; be^ utilized, if necessary, to ensureithat the tubing sample 
tails by bursting. - r, : , , jt i; .,:, ■--.-: ■:-.,■- 

The end user shall be consulted to establish the maximumr pressure that can be 
encountered system in which the tubing will be used. , t 

7J.IJ Acceptance Criteria^Minimxim burst pressure of: any one sample 

shall pe 8. times the.maximum pressure that can be encountered in the systemin 

wliich-the tubing will be used. '-■■^■„- > - a 

NOTE — If the maximum pressure is not known, then the measured burst 

., r .-. ., R r ?ssure is^reeorded so it can^be;reported-and compared to the 

requirements of a specific liquid or vapor system at some future 

,(<.. time,..;. -,'. .., v> . ../:.: _.-. , s,^. ■ . . 

7.1.2 ^lJKSTTE3T..]yteASUREMENTS^Al^R.E^OSURES-T-An additional accept 
tanee qriteria isr.the comparisonrof the burst j pressure T test values 1 of the tubing 
before exposure compared to,£he sjtfjbing -after exposure, as detailed; in Section 7. 
Alt values fbi.burst^fcmeasured after exposure-must be equal to ;pr ;greater than 
15%) pf the value of burst test, measured on the tube prior to the^exgpsure test 
T^is criteria .applies to the tests described in 7.5, 1. S^lrJ, and 7. H.,, -j j 

T ,^ 7.2 HigUl^mperatureBurst^estr ^ ^ •■± }: , . 

j.2.\ The test procedure describediin 7.1.1 shall be performe&at a temperature 
0ftt§ o G. L;( , , d *.j >.,*..,.,■.::, -x ,-. , r .:, '■...-.. v ,, ; ; :: ..,,; ' 

NpTE-^^e fluidruse^inj^ 

The end-user shall berconsulted to establish me maximum- pressure that can 
possibly be encountered in ; the specific^ liquid or vapor system in which the tubing 
wjilbeused. ?b:~- : j.- ■&?..':■ -^ ..>. e .. . ■ ■ *,.■•■■ r <xt -icH 

7.2.1.1 Aceepta^e i e,Criterici— l JMinimum burst pressure, shall; be three times 
the maximum pressure that can be encountered in the :$yst£min;:w^Gh-'ti&ilglHn^ 
willbeused. < . -v - '. i v ^-; ?• 

, JSfOTErnFlf the maximum pressure is not, known,: then the^ugh, temperature 
■ ■ bu£st pressure is ree^ 
_ requirement^ of a specific liquid or vapor systemat somerfuture 
time. ; : t ., ,. ,..-.-■ . ..■.. ^ .■■..■ -, ■■■' w ■■.-; 

7.3 Resistance to Kinking r .-;■ ; :, j : v 

7.3^[CALCTjrLAiISO^^ : shown in 

Tables 1 and 2 r 5hall, Recused to determine t tiie minimum bend radius , for tubing 
with dimensions as .indicated in Tables Al, A2A* and A2B. 

""' TABLE ^MINIMUM BEND RADHFOR VARIOUS MLT SIZES 



' Reference 1 Size of Tubing 
(From TablesrA1vA2A and A2B) r 



j Minimum Bend Radius 



'-; - ;,: <8rhm ' 

8 r "£ OD < 12 rnnrv - 
■ l'2£OD<18rfim 
11 S18mm L 



6 X Reference Size OD 
7.5 X Reference Size GD 
8.5' X Reference Size OD r 
10 X Reference Size OD 



TABLE 2^MINIMUM BEND RADHFGRVARIOUS ^ SIZES OF MLT 
(W(TH ELASTOMERIC OUTER LAYER) . J- , 



Reference Size of Tubing 
(From I Tabies A1VA2A, and A2B) |f 



'Minimum Bend Radius 



<6 mm 
: , 6 £ ID < 9"nim 
,9£^p<14mm 
.. S14mm 



8 ,X_ Reference Size ID 
1Q X Reference Size ID 
12X Reference Size Ip 
I3.X Reference. Size; IP 



Tubing thatis part of, this document can bei>ent at a tighter j-adii^than the for- 
mulae shown inTahtes^ The iprocedure^tp, determine mis is described in 
the. following section. ^The performance criteria that must bemetrfor any tubing 
configured at the rmnimum bend radiuses described in 7.3,3, - ■/, . 

7,3.2 ; PROCEDUp TO DKTERiynNE MINIMUM, BEND RADIUS— The following 
procedure can be used to determine if a tubing can be bent in a tighter radius than 
is indicated bythe formula in Table 1 or Table 2 and to approximate wMt that 
bend radius may be. The procedure is shown m Figure 1 . 



The tubes are to be bent in airee state until they fprm ; arcoil, the fi-ee ends .are 
then grasped, wrapped over the ^rst-loopof tubing to form a twoJayered coil of 
tubing.? The tabingisedrawn down to the smallest coil diameter possible within 
1 min and without kinking the tubing. The measurement of the^niinimum bend 
radius is made; by. taking 1/2 the measured value of the inside diameter (inside 
wall to inside wall of coil of tubing). The length of tubing used, for this test shall 
vary with ^different diameters of the tubing: The length shall be enough so that the 
procedure shown in-Figurel can be accomplished with at least 100 mm of tubing 
extending, beyond the circle on both sides. ■■„, - j- - : 

It is: important to note that the radius measured by this procedure is an approxi- 
mation. The performance test of 7.3.3 must, \>e passed to confirm-that the esti- 
mated bend radius can be achieved without kinking. • .j- i. 

MINIMUM BEND RADIUS 




FIGURE J^-flLLlJSTRATION OF PE,QCEDIJ^E FOR, , ,, 
DETERMNING MINIMUMBEI^^ 

r f'.i. ' '' 

r 7,3 r 3 ^IST^CETQK^Km(%-TESTPROCEDUl^-^Thi^jtest^ is to 

determine if a tube can meet the minimum bend radius dimensions from Table 1, 
Table 2, or from the procedure of 7.3.2. , ,-..., , ..,;,,, 

First step is to identify the rmnimum bend-radius dimension mat is to, be tested 
for a specific tubing diameter. A mbing test specimen shall then be cut to length 
equal to: (1.2xp)x minimum radius. - r . t t . , 

... The mbing specimen shall men f be plaeed;iti,a fixture.asr shown- in Figure 2. 
When installing the tube, it shall be bent in the same plane and,.direction as its free 
state curvature. Place the tube, installed on the fixture, into an oven at 1 15 °C and 
soak for 1 h. Remove the fixture, from the oyen and pass the .specified steel ball 
through the tube on the fixture. [Bibing .and. fixture can be allowed to cool to room 
temperature for easier handling. 
The diameter of the ball shall be determined by Equation 1.: 



Ball diameter (mm) = 0.4 x minimum tubing ID ± 0.05 mm. 



TUBING 



(Eq. 1) 




FIXTURE BASE 

(Plate Approximately 10 mm Thick With 
Holes, As, Shown To Fit The Tube) 



2 X Minimum Bend Radius _. 

..„-.* FIGURE 2—KINKING RESISTANCE TEST FIXTURE ;. 

7.3.3.1 Acceptance Criteria — Restriction of the passageof thebalbconstir 
tutes a failure. -i-* r/ . ; : ; ■.--.■• ■-■r; 

7.4 Burst Test on Kinked Tubing — Tubiug:shall. be stabilized for 1/2 to 
3 h atr2'3r!°Cj Completely bend tubing so it is kinked and two lengths of habingron 
either side of kink touch along entire length. Straighten tubing completely. 
Repeat so tubing is kinked a total of five times at same position tubing.. 
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74.1 Acceptance Criteria— Tubing must meet requirements of the Room 
Temperature Burst Test (see 7.1.2). .■_.-,, 

7.5 Resistance to Zinc Chloride — Cut tubing specimen to be tested to a 
length as described in the second paragraph of 7.3.3. The connectors or fittings 
that will be used in the burst pressure testing of 7.1 are then inserted in each end 
of the tubing. The tubing is then bent in a half circle and mounted onto a fixture 
that is similar to that shown in Figure 2. The dimensions of the fixture, spacing of 
the means of mounting the connectors, radius of curvature are dependent on the 
diameter of the tubing. Other details described in 7.3 are to-be used for guidance. 

When the tubing specimen (and its two connectors/fittings) is appropriately 
mounted in the fixture, invert it r so the curved part is down and immerse the tubing 
specimen into a 50% (by weight) aqueous solution of zinc: chloride at 23 °C for 
200 h. 

Depth of the immersion is very important. The entire tubing specimen must 
be fully immersed; however, the connectors must not be fully immersed. The zinc 
chloride must be in contact with the ends of the tubing, but should not be able to 
enter the inside of the tube through the very ends of the connectors. This simu- 
lates the exposure of the tubing ends (including the ends of each layer) to the road 
chemical environment. This level of immersion is to be maintained throughout 
the entire 200 h soaking time in the . zinc chloride solution, 

When the 200 h soak of the tubing specimen is completed, remove it from 
the solution and allow to dry for 24 h at 23 °C. Do not wipe off excess solution 
from any surface or the tubing ends. 

7.5.1 Acceptance Criteria— Tubing shall show no evidence of cracking on 
the outside diameter, tubing ends, or that part of the inner surface that is visible 
from the tubing ends. Tubing must meet requirements of the Room Temperature 
Burst Test (see 7.1.2). 
NOTE — Fresh, anhydrous zinc chloride should be used to make up a concentra- 
tion of 50% (by weight) aqueous solution (specific gravity of 1 .576 or 
a Baume rating of 53 at 15.5 °C). 

7.6 Cold Temperature Impact — The Impact Test Apparatus is pictured in 
Figure 3. The impact head weighs 0.912 kg ± 0.003 kg. It is in the form of bar 
with a diameter of 31.75 nun and its end has a spherical radius of 15.88 mm. The 
test apparatus allows the impact head to fall 305 mm ± 3 mm. The 305 mm ± 3 
mm distance is measured from the bottom of the weight to the center of the tube 
specimen. When the mass is released, it must fall freely in the fixture; The maxi- 
mum radius of curvature of the edge of the supporting platform is 1.3 mm. The 
supporting platform should be 10 mm ± 1 mm thick. 
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ALL DIMENSIONS IN mm 

FIGURE 3— COLD IMPACT TEST FIXTURE 

7.6.1 Preferred Procedure— Expose the test samples: and the impact test 
apparatus to -40 °C for 4 h. Place each sample in the supporting platform of the 
apparatus- and allow the impact head to fall on it. Impact should occur with both 
apparatus and specimens inside the cold chamber. -; 

7.6.2 Optional Procedure— If the impact test cannot be done inside the cold 
chamber, the apparatus and the specimens can be removed from the chamber by 
the following procedure: 



a. The apparatus is removed from the chamber for up ;to a 3 min period.. : During 
that period, impact tests of several tubing specimens can be completed. At the 
end of that 3 min period, the apparatus is returned to the chamber for additional 
temperature soak (-40 °C) of at least 25 min duration. After that additional 
soak at temperature, the apparatus can be removed again for an additional set 

' of cold impact of tubing specimens (within a 3; min period). This procedure is 
repeated until all test specimens have beenimpacted properly. 

b. All test specimens are kept in the cold chamber until immediately before 
impact in the apparatus. When a tubing specimen is removed, it must be 

. impacted in the apparatus within 5 s of its removal from, the cold tempera- 
ture environment. 
NOTE— The temperature of the ambient air where these impacts occur shall 
. : not be higher than 23 °C. i . 

7.6.3 Acceptance Criteria — After impact of a: tubing specimen, ir is 
allowed to return to 23 °C. The tubing specimen is then subjected to Room Tem- 
perature Burst requirementsof 7.1.2.: All criteria of that section mustbe met... 

7.7 Methanol Fuel Resistance 

7.7.1 PROCEDURES — There are two procedures that can be followed for expos- 
ing the test specimens to methanol fuel; the preferred to follow is the recirculation 
method of 7.7.1.1. Test fuel for this procedure shall be CM-15 (refer to SAE 
J1681 for details on .composition). Needs of end user may requirethat another 
test:fuel be used (such as TF-2, FAMB, etc.).- Therefore, a different metha- 
nol-containing test fuel may be Used in this procedure but it would be only for that 
specific application. For purposes ^of comparison and unless otherwise specified 
for a certain situation, the test fuel Shall be CM-15. Length of the tubing' speci- 
mens tested shall be 0.3 m Or longer. At least 5 specimens should be tested to 
allow Subsequent testing identified in the acceptance criteria section (7.7.2). 

7.7.1 J Recirculation Method— Methanol-blend fuel should be continu- 
ously circulated through the tubing specimens for a minimum of 1000 h (approxi- 
mately 42 days). The temperature of the fuel must be maintained at 40 °C. 
Composition of the fuel should be measured and adjusted periodically to ensure 
that the methanol content of the fuel is maintained at 15% ± 3% (frequency of the 
checking of the composition is determined primarily by the size of the liquid fuel 
reservoir that's used in the recirculation process). Methanol content shall be mea- 
sured every 3 days after the start of test until it is established that the rate of meth- 
anol content change is less than the ±3% within a week's time. The frequency of 
checking methanol content can then be decreased to once per week. If .these tests 
are done frequently -and a history of how often the methanol should be checked 
can be substantiated .from previous test specimens, then that established schedule 
can be utilized. Methanol content shall always be checked at least once per week. 
If the methanol; content of the fuel goes outside of the limits, the test fuel should 
be replaced with a new mixture with the correct level of methanol. 

7.7.1.2 Optional Method— {To be followed only if recirculation procedure 
is not available.) -.■ ■ : 

Plug one end of tubing to be tested, then, fill with the. test fuel;;,' Plug the 
other end of the tubing in such a manner that it : can be periodically removed. 
Expose the filled tubing to a temperature of 40 °C for 42 days continuously. The 
test fuel must be replaced with fresh test fuel every 3 days. 

7.7.2 Acceptance Criteria — After 42 days exposure to the methanol fuel at 
40 °C, the tubing is then tested for cold impact resistance, per 7.6, The cold soak 
must be started immediately after emptying the tubing of the methanol blend fuel 
(to avoid any drying out of the tubing). All criteria of that section must be met. 

NOTE — Section 7.6 also includes the "Durst requirements of 7.1.2. 

The tubing that was exposed to the methanol fuel shall also be tested for layer 
adhesion (see 7.11.2) and for electrical resistance (see 7.9.1). The acceptance cri- 
teria of those two sections must be met. 

7.8 Auto-Oxidized Gasoline 

7.8.1 PROCEDURES — There are two procedures that can be followed for expos- 
ing the tubing test specimens to auto-oxidated gasoline; the preferred one to fol- 
low is the recirculation method of 7.8.1.1. The auto-oxidized gasoline must be 
maintained at a peroxide number of 90 (for determination of peroxide number, 
refer to ISO 4639-3 Annex A; base fuel for auto-oxidized gasoline formulation 
shall be ASTM fuel C). The temperature of the test fuel shall be maintained at 
40 °C. At least 5 specimens should be tested to allow for subsequent testing iden- 
tified in the acceptance criteria section (7.8.2). Length of the specimens tested 
shall be 0.3 m or longer. ■■■*■ - 

7.5 J A Recirculation Method— (Refer to SAE J1737 for details of 
procedure.) '■■■ -.■: '../'. <:.\ 

Auto-oxidized gasoline (with the required peroxide number) should -"be- 
recirculated continuously through the tubing being tested for- a period of 1000 h 
(approximately 42 days). Composition of the fuel should be measured periodi- 
cally to ensure that the peroxide number is maintained at 90 ± 5 (frequency of the 
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checking of the composition is determined primarily by the size of the liquid fuel 
reservoir thatfs used in therecirculation process). It is recommended-that the per- 
oxide i number (P/N) be measured on the first and seventh day after the test begins. 
Based on the rate of change of P/N ; over that period of time, a schedule for fre- 
quency of measurement of P/N should be established (no less; than orice every 
10 days, however). If theP/ft goes outside ; the limitsy the test fuel should be 
entirely replaced with anew niixturewith the eorrectP/lSf^ ( 

7.8.1.2 Optional Method~(To be followed oiily if' recirculation procedure 
is"not available.) ] ; '-< - 

Plug one end of the tubing specimen, then fill with- auto-oxidized, gasoline 
(with peroxide number of 90). Plug the other end of the tubing in such a manner 
that it can beperiodically! removed. Expose the filled tubing to a temperature of 
40 °C for 42 days continuously. The auto-oxidized gasoline must be replaced 
with "fresh" auto-oxidized gasoline every 3 days in order-to maintain the peroxide 
number at 90 ±5. ■ .■ v ' ^ : 

7.8:2 Acceptance GRiTERm-^-After 42 days of continuous exposure to- the 
auto-oxidized gasoline at 40 °C, the tubing specimen is^then tested for cold 
impact resistance per 7.6. The cold soak must be started immediately after emp- 
tying'the-tubingof the auto-oxidized gasoline (to avoid drying out of the tubing); 
All criteria of that section must b& met. ■ ' * 

NOTE— ^Section 7.6 also includes the burst requirements of 1.1'. 

The tubing that was exposed to the auto-oxidized fuel shall also be tested for 
layer adhesion (see 7.11:2) and for electrical resistance (see 7.9.2).- The accep- 
tance criteria of those two sections must be met*. ; 

1:9 Electrical Resistance — In- many liquid fuel carrying lines' a certain 
level of conductivity is required. An acceptable conductivity level can be verified 
by setting a maximum allowable surfaeejresistivity, derived from the resistance 
measurement procedure- described in 7.9.2. , 

^7:9.1: SAE Document^S AE J1645 describes the 'situation surrounding the 
electrostatic charging that can exist in a fuel system. Although that report is not a 
specific standard, it does'suggest certain guidelines in such areas as grounding; 
assemblies, and tubing configurations that' should be followed. When developing 
a system- to carry liquid fuel, care must -be : taken to consider all aspects of-the sys- 
tem from an electrostatic charge perspective. The final system should be testedin 
close conjunction with the needs of the end user tbinsure that all necessary crite- 
ria are met. 

7.9:2 Surface Resistivity-- The test apparatus^ consists of a resistance meter 
(MEG-CHECK 21O0A R-meter from Associates; Research Inc; or equivalent) and 
a set -of copper pins (diameter^ approximately O/Ij mm larger than IE) of tubing). 
'7.9.2.1 Test Procedure <• : ^' , i :i r r , . 

a. All tests ; are conducted at 23 P C ± 2°C and 50% ±5% relative humidity. 

b. Measure sample length. Record as *L ' (mm). r 

c. Measure inner diameter of sample. Record as 'd' (mm). 

d. Insert the copper pins to full depth in ends of tube assuring a tight fit. 
■■■ Measure ^-the dej)th'of the copper pin V (mm). Attach the leads to the 

resistance meter as shown in Figure 4. 
e; Record the resistance R (ohms).- ' " 

f. Calculate Equation 2: 



Surface Resistivity (ohms/sq) = 



R(ftd) 



(Eq.2) 



g. Measure the resistance and record the associated surface resistivity of 
mbing specimens before any exposure testing. 




FIGURE 4— SCHEMATIC OF RESISTANCE MEASUREMENT FIXTURE 

7.9.2.2 Surface resistivity (W/square) shall also be obtained from mbing 
samples that have been subjected to certain tests or exposures described in the 
specification. In each case, it is the exposure test only that is included in this sec- 



tion. The burst test or other subsequent procedure is not included in requirements 
of this section. 

Section 7.4 — -Full Kink Procedure 

Section 7. 6— Cold Impact Test < 

Section 7.7— Methanol Fuel Exposure ; - 

Section 7;8 — Sour Gasoline Exposure 

For each of these four tests, the resistance of the tubing 'specimen is mea- 
sured after the exposure by the- same procedure as 7.9.2.1. The result -obtained is 
recorded: and compared to the result obtained on me same tubing specimen before 
the exposure' test. A different mbing specimen is used in-each of theexposure 
tests. Acceptance criteria indicated in 7.9.2.3 must be met. ' ■ :; j 

7.9,2.3 Acceptance Criteria— There are two types of &cceptanee~ criteria for 
the level of surface resistivity level measured. 

7.9.2.3.1 Surface Resistivity Level^The surface resistivity 'derived r frOm mea- 
sured resistance values measured On test specimens bom before and after expo- 
sure testing shall not be greater man: 10 6 W/sqtfarej 

7.9.2.3.2 Maximum Change in Measured Surface Resistance Level^When 
the level of surface resistivity measured on each test specimens after exposure 
testing is compared 1 to thelevel measured on -the- same test specimen before expo- 
sure testing, the maximum difference in surface resistivity between the two 1 for 
each exposure test shall not be greater man a change of two orders'of magnitude. 

7.10 PemieatiOn Resistance-—Tlie procedure to be followed for determin- 
ing level of permeation resistance is described in SAEJ1757. The test-fuel to be 
used Will depend' on the requirements of the end use application. lyplcal-comrlar- 
ison tests are made among various multilayer tubings constructions by use of alco- 
hol-content fuels (CE-10 and CM-15 are mosf<eOmmon)f 

Permeation is expressed in grams/(meter 2 t , day). It is also possible to relate 
that rate of permeation to the permeation that could occur in grams per day per 
meterof tubing (by calculating the inside ckcumference 'of the tubihg-that is wet- 
ted by the fuel). ■" ; " ; '-■-'■ 

7,10.1 Determination of Permeation- REsrsfANCE^^For determination of 
permeation 1 resistance for use'On a specific vehicle or in a specific 1 subsystem, the 
test fuelcan relate more closely to the specific fuel that is used investing of whole 
vehicles or vehicle subsystems for compliance to emissions requirements, ■' ' 

Permeation resistance testing must be r conducted nritil steady state- is achieved 
(refer to SAE J1737). The value determined is expressed in grams/(meter^I>day). 
Acceptance criteria is to be determined by the end -usen ■'■ ; 

It is important to realize that the permeation rate 1 in grams/(meter?I>day) is 
much larger than the permeation rate per meter of tubing, because it takes many 
meters of the tubing to equal a square- meters vln the case of 8 mm tubing with a 
6 mm ID, for example, 53.05 m of tubingare required to reach a total inside sur- 
face area of 1 rrr. The calculation is shown in Equation 3; " 

2 " ~" - " -■ 

1 m of tubing inside surface = circumference of the inside of tubing Ix length in meters (Eq. 3) 

a. A sample calculation for 8 mm mbing with a 1 mm wall thickness: 

1 m = p x (6 x 1CT 3 m) x length in meters 

1 m 2 = 0.0 1 885 x length in meters 

1 m 2 = 53.05 mof'length 
7.10.2 General Classification of Permeation Resistance — For pur- 
poses of general identification, the equilibrium level of permeation rate shall be 
measured by following! the procedure described in SAE;J1737. The steps that 
must be followed are:; ■ 

a. Use test fuel that is a blend of ASTM Fuel C and 15% methanol (CM-15 by 
SAEJ1681). 

b. Use test temperature of 60 °C and test prpessure of 200 kPa. 

c. Units reported from the measurement shall be gramS/(meter^-day) and shall 
be reported as a whole number by following all the guidelines of 8.3 of SAE 
J1737. ^ ~ " ■ "- 

d. Care must be taken that the permeation rate measured is at steady-state as 
defined and discussed in 3.3 of SAE J1737 (see also 7. 10.3 of this document). 

e. A minimum of five specimens must be tested by this procedure. After the 
high and low value of those five separate measurements are discarded, the 
average of the remaining! 3 .measurements shall be. the number used to 
describe the permeation rate of the tubing being tested. The average shall be 
rounded; off to a whole number by following the guidelines of 8.3 of SAE 

■ J1737. ■ -_ ... ; 

f. The whole number value of permeation .determined from the previous step 
shall be used to identify the permeation category from Table 3i That cate^ 
gbryl number is the digit "P" that is. marked on the mbing for identification 

■ purposes that is described in 4.4. > 



TABLE 3— DETERMINING CATEGORY OF PERMEATION PERFORMXNCE 



Category Number 


Permeation Measurement of Tubing as 

Determined by Steps of 7.10.2 

(grams/m 2 -day) 


1 


0-25 


2 


25-50 


3 


50-100 


:■:■■- .4 


100-200 


5 


200-400 


6 


over 400 



7. 10.3 Time to Reach Equilibrium Permeation Resistance— When mea- 
suring permeation resistance, experience has shown that it can take several hun- 
dreds of hours to achieve steady-state or equilibrium levels. Based on experience 
with the test conditions and fuel indicated in 7.10.2, the following general guide- 
line should be followed. . 

This time to reach equilibrium is the continuous exposure time to the identified 
test conditions. It is a summation of the preconditioning step and time in the per- 
meation test unit (refer to SAE J1737, Section 7.2). If temperatures are lower 
than 60 °C or test fuels are "less active" than; those containing methanol, the over- 
all time will be longer than shownin Table 4. 

TABLE A— ESTIMATING TIME TO ACHIEVE EQUILIBRIUM PERMEATION MEASUREMENT 



Range of Measured Permeation 

Resistance Level 

(grams/meter 2 PDay) (M-15 Fuel @ 60 °C) 


Suggested Time 


0-25 


over 1000 h 


25-50 


1000 h 


50-100 


800 h 


.100-200 


600 h 


200 - 400 


500 h 


Over 400 


400 h 



7.11 Layer Adhesion — When the tubing has been manufactured with 2 or 
more layers, those various layers must properly adhere to one another initially and 
after fuel exposure. (If tubing being tested is a monowall construction, then the 
tests of 7.11 are not necessary.) 

7.11.1 Initial Adhesion Test — This test is designed for straight- wall MLT. 
If the spiral cut test cannot be applied to the particular construction, then the adhe- 
sion test described in 7.11.2 will still apply. 

7.11.1.1 Procedure — Cut a sample of tubing into a helical coil whose length 
is at least five times the circumference of the tubing. The width of the strip should 
be no less than 70% of the outer diameter of the tubing. (Figure 5 shows an exam- 
ple of a suitable tool for producing such a cut.) Suspend a weight from the end of 
the strip using an alligator clip or some other suitable means. Increase the weight 
until the helical coil is "unspiraled" into a flat ribbon (minimum weight is 2 kg). 
To aid in the unspiraling process, the weight can be turned by hand. 




FIGURE 5— EXAMPLE OF SUITABLE TOOL FOR 
SPIRAL CUT ADHESION TEST 



12.145 

, 7.11.1.2 Acceptance Criteria — No visible signs of delamination should 
occur between layers (excluded from this is the point on the strip where^ the 
weight is attached). .' > ; 

7.11.2 Adhesion Test After Fuel Exposure — After each of the two fuel 
exposure procedures described in 7.7 and 7.8, each specimen must be examined 
for layer adhesion. 

7.112.1 Procedure— Tubing specimen shall be cut to length and then shall 
be bent into a "U" shape at the minimum bend radius (refer to 7.3 for details of 
length and radius). Each tubing end is then inserted into a fixture that secures the 
specimen in the desired bend radius and allows the specimen to be laid flat on a 
horizontal surface. The tubing is then cut in half lengthwise in the bend area for 
at least 120 degrees of the required 180 degree bend. The cut goes through both 
vertical portions of the tubing walland is made parallel to the surface upon which 
the bent tubing is resting. The cut removes the "top half 'of the tubing, leaving 
behind a "U-shaped" cross section of the tubing for the required length of the cut 
(at least 120 degrees of the 180 degree bend). Refer to Figure 6. 



MINIMUM BEND RADIUS 



EDGES TO BE EXAMINED FOR DELAMINATION 



LENGTH OF CUT IN TUBING 





''W////JP 



TUBING CROSS SECTION AFTER CUT 
HAS REMOVED PART OF TUBING LENGTH 



FIGURE 6— ILLUSTRATION OF PROCEDURE FOR LAYER ADHESION 
TEST AFTER FUEL EXPOSURE 

7.11.2.2 Acceptance Criteria— Examine the exposed edges of the cut por- 
tion of the tubing while it remains in the fixture. There shall be no evidence of 
delamination between the layers in the area of the cut. 

7.12 Tensile Strength, Elongation — This is an optional test. The accep- 
tance criteria are to be agreed upon by producer and end user. 

The procedure to be followed is described in 7.12.1 through 7.12.3. The 
gripping procedure that is suggested for use in the tests is described in 7.12.2.1. 
Other gripping fixtures/procedures may be used provided that the resulting break- 
age during the tensile elongation test is in the approximate center of the test spec- 
imen. If breakage occurs outside the gage length (see 7.12.2.2) the elongation 
test result will be considered invalid. 

7.12.1 Test Methods Summary — This test method covers tension testing of 
plastic fuel tubing. It follows the general practices of ISO 527. Method "A" of 
ISO 527 for dumbbell and straight specimens is the method choice with the fol- 
lowing modifications listed in 7.11,2.1. 

7.12.2 Modifications to ISO 527 

7.12.2.1 Grips and Fixtures— Any grip procedure or fixture for holding the 
tubing may be used to conduct the elongation test described in ISO 527, as long as 
the resulting breakage occurs in an area of the tubing being tested that is not 
within 25 mm of either grip. 

7.12.2.2 Gage Length and Distance Between Grips— The, gage length 
between benchmarks shall be 50 mm ± 2 mm. An extensiometer may be used as 
an alternative to benchmarks. The distance between grips shall be not less than 
100 mm ± 2 mm. 

7.12.2.3 Crosshead Travel Speed— The crosshead travel speed shall be set 
at 50 mrn/min ± 5 mm/min. 

7.12.3 Summary — The method of gripping tubing when testing in tension is 
critical to optimizing repeatability. The previous modifications to ISO 527 listed 
in 7.11,2, enhance this repeatability. 
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■*:*■■■-... -'>0', :-v.:-- :...i:: .v APPENDIX A 

A.l Tables Al, A2A, and A2B are; listings; of the various . tubing .sizes, wall 
thicknesses, and tolerances that should be used for the tubing covered in this doc^ 
ument. ..-.■■■■.... 



TABLE A1~TUBING DIMENSIONS (METRIC SIZES)< 1 > 



Reference Sizes 
OD Dimension (mm) 



ID of Tubing 
(mm) 



Wall 
Thickness 



5 
.6 
8 
10 
12 
15 
18 
20 
22 



3.0 
■4,0 
6.0; 
8.0. 

9:0 

12.0 
14.0 
16.0 
18.0 



1.0 

1.0 

1.0 

1.0 

1.5 , 

.1.5 

2.0 

2.0 

2.0 



1 . Tolerances are ±0.1 mm for reference sizes 10 mm and less. For over 10 mm 
reference size.the tolerance is ±0.15 mm. ^ 



TABLE A2A— TUBING DIMENSIONS (INCH SIZES)— 
TYPICAL EXTRUDED TUBING , 



Reference Sizes 
(Nominal Tubing Diameter OD) 



ID of Tubing 
(mm) 



Wall Thickness 
(mm) 



1/4 in (6.35 mm) 
5/16in(7.93mm) 
3/8 in (9.53 mm) 



3.89 to 4.14 mm 
6.20 to 6.50 mm 

7.90 to 8.20 mm 



0.98 to 1 .41 
0.90 to 1.15 
0.90 to 1.15 



TABLE A2B— TUBING DIMENSIONS (INCH SIZES)— 
MLT WITH ELASTOMERIC COATING 



Reference Sizes IDof Tubing IDof Tubing WaHThickness Wall Thickness 
(Nominal Tubing Metric Decimal Metric Decimal i 

Diameter) ,, (mm) (in) ;Imm) (in) ; 



■■■■ 3/8 in (9.53 mmj 


8.9 ±0.3 


3.50± 0.012 : ; : 


3.5 ±0:5. 


0.138 ±0,020 


7/16 in (11.12 mm) t 


9.9 ±0.3 


0.390±0:012^ :- 


3.5 ±0.5 


0.138 ±0.020 ,:; 


■i-: 1/2 in (12.7mm) 


11.7±0.3 


0,460 ±0.012 


3.5 ±0.5 


0.138 ±0.020 


5/8 in (15.88 mm) 


14.5 ±0.3 


0:570 ± 0.012 1 


3.5±b;5;^ 


0.138±0.020 
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